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[57] ABSTRACT 

A system for stabilizing the phase delay of signals 


passing through a pressurizable coaxial cable is dis- 
closed. Signals from an appropriate source at a se- 
lected frequency, e.g., 100 MHz, are sent through the 
controlled cable from a first cable end to a second 
cable end which, electrically, is open or heavily mis- 
matched at 100 MHz, thereby reflecting 100 MHz sig- 
nals back to the first cable end. Thereat, the phase dif- 
ference between the reflected-back signals and the sig- 
nals from the source is detected by a phase detector. 
The output of the latter is used to control the flow of 
gas to or from the cable, thereby controlling the cable 
pressure, which in turn affects the cable phase delay. 
At the start of a period over which the cable phase 
delay is to be stabilized, the signals from the source 
which are supplied to the phase detector are phase 
shifted by a phase shifter until the detector’s output is 
0 volt, thereby inhibiting g£»s to flow either to or from 
the cable. Under these conditions, the cable phase 
delay represents an initial phase delay which is to be 
maintained constant over the period of interest. Dur- 
ing the period any change in the cable phase delay 
from the initial phase delay results in an output of the 
phase detector which is other than 0 volt. The output 
is used to control gas to flow to or 'from the cable 
thereby vary the cable pressure until the output of the 
detector is again 0 volt, which indicates that the cable 
phase delay is again equal to the initial phase delay. 

10 Claims, 3 Drawing Figures. 
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SYSTEM FOR STABILIZING CABLE PHASE 

DELAY UTILIZING A COAXIAL CABLE UNDER 
PRESSURE 

ORIGIN OF INVENTION * 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 10 
85-568 (72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to a phase 
delay control system and, more particularly, to a sys- 
tem for controlling the phase delay introduced by a co- 
axial cable to signals which are transmitted from a 
source to a load through the coaxial cable. 

2. Description of the Prior Art 

The use of a coaxial cable to connect a source of sig- 
nals, such as an antenna, to a load, such as a receiver, 
is well known. One type of cable which is employed is 
of the air dielectric type. Such a cable is generally hoi- 
low with electrically insulating spacers supporting the 
inner conductor concentrically with the outer conduc- 
tor. In some applications, such as in space- 
communication, in connection with which the inven- 
tion will be described, the cable which connects a large 
tracking antenna to a receiver in a remotely located 
building, is quite long. 

As is appreciated, such a cable introduces a phase 
delay in the signals which propagate therethrough from 
the tracking antenna to the receiver. The fact that the 35 
cable introduces a phase delay in the signals, which will 
be referred to hereafter as the cable phase delay or the 
cable group delay, is not important since at the time 
tracking is initiated, the cable phase delay can be mea- 
sured and calibrated out when the initial conditions 40 
prior to the start of tracking are established. What is 
important for optimum tracking accuracy is for the 
cable phase delay to remain constant, i.e., equal to the 
phase delay at the time tracking is initiated, during the 
entire tracking period. Hereafter, the cable phase delay 45 
at the time tracking is initiated will be referred to as the 
initial phase delay. 

Unfortunately, this is not the case. The cable phase 
delay is affected by changes in the environmental con- 
ditions, such as temperature or humidity, to which the 50 
cable is exposed. Consequently, during tracking any 
change in the cable phase delay from the initial phase 
delay, unless accounted for, is a potential source of er- 
ror, which degrades the accuracy of the extracted in- 
formation. Experience with such a system indicates 
that a significant improvement in performance can be 
achieved if the cable phase delay, can be maintained 
substantially constant and equal to the initial phase 
delay during the entire tracking period, irrespective of 
changes in environmental conditions. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is a primary object pf the present invention to pro- 
vide a system for maintaining the cable group delay 
constant over a relatively long period, irrespective of 
changes in the cable’s environment, during such pe- 
riod. 
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Another object of the present invention is to provide 
a system for controlling the phase delay introduced by 
a coaxial cable to signals propagating therethrough to 
be substantially constant over a relatively long period, 
despite changes in the cable’s temperature or other en- 
vironmental conditions, during the period. 

A further object of the present invention, is to pro- 
vide a novel method of maintaining the phase or group 
delay of a coaxial cable substantially constant under 
varying environmental conditions. 

These and other objects of the invention are achieved 
based on the discovery that by controlling the internal 
pressure in a pressurizable coaxial cable, the phase shift 
or delay in the cable is controllable over a very broad 
band of frequencies. In accordance with the present in- 
vention, a system is provided which monitors the cable 
phase delay during the entire tracking period. During 
tracking whenever the phase delay differs from the ini- 
tial phase delay, which existed at the start of tracking, 
the system varies the pressure in the cable thereby 
causing the cable phase delay to equal the initial phase 
delay. Thus, the cable phase delay is held constant dur- 
ing the entire tracking period. 

The hovel features of the invention are set forth with 
particularity in the appended claims. The invention will 
best be understood from the following description 
when read in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram useful in explaining the principles 
of the present invention; 

FIG. 2 is a diagram of the present invention as used 
in the tracking system; and 

FIG. 3 is a diagram of diplex filters shown in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Attention is now directed to FIG. 1, which is a simpli- 
fied diagram of an embodiment of the present inven- 
tion. Therein, the tracking antenna, the receiver and 
their connections to the coaxial cable are purposely de- 
leted to simplify the following description. In FIG. 1, 
numeral 10 designates a pressurizable coaxial cable, 
with a center conductor lOo. As is known, such a cable 
is pressurizable by controlling the pressure between the 
center conductor 10a and the outer conductor 106. In 
the present embodiment, pressure control is achieved 
by controlling the flow of gas in and out of the cable 10. 
End couplers 12 and 13 are shown connected to the op- 
posite ends of the cable 10. 

Connected to coupler 12 through a hybrid junction 
14 is a source of signals 15. For explanatory purposes, 
the frequency of the signals from source 15 is assumed 
to be 100 MHz. The coupler 12 is also shown con- 
nected to a gas line 16 which is connected to a source 
of gas 18 through a pressure regulator 20 and a gas line 
22. Gas line 16 is in communication with the interior 
of cable 10 through coupler 12. Coupler 13 at the other 
end of cable 10 serves as a gas-tight end of the cable, 
while electrically' it serves as . an open end, or mis- 
matched load, at the frequency of 100 MHz. 

As will be explained hereafter, the function of regula- 
tor 20 is to control the flow of gas to or from the cable, 
thereby changing the pressure in the cable. The' pres- 
sure change is used to control the cable phase delay to 
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equal the initial phase delay during the entire tracking 
period. The gas may be any noncombustible gas, e.g., 
nitrogen, air or any other gas which will not create a 
hazardous condition. 

In operation, signals at 100 MHz from source 15 are 
directed through junction 14 and coupler 12 into cable 
10. 100 MHz signals from the source 15 are also di- 
rected through junction 14 to a phase detector 25 
through a phase shifter 26. The 1 00 MHz signals which 
enter cable 10 travel to the opposite cable end which 
is terminated by coupler 13. Since the latter acts elec- 
trically as an open end, or mismatched load, signals at 
100 MHz are reflected back and travel toward coupler 
12. The reflected signals pass through coupler 12 to the 
hybrid junction 14 and therefrom to the phase detector 
25, via line 28. The use of hybrid junctions for routing 
signals is well known. In one embodiment actually re- 
duced to practice, a hybrid junction type HI manufac- 
tured by Anzac Electronics, Inc., of Waltham, Mass., 
was employed. 

As is appreciated, typically a phase detector pro- 
duces a D.C. output signal which is a function of the 
phase difference between the two signals which are 
supplied thereto. In the present invention, the phase 
detector 25 produces an output signal which is depen- 
dent on the phase difference between the 1 00 MHz sig- 
nals from source 15, which are coupled to it through 
phase shifter 26, and the 100 MHz signals which are re- 
flected back through cable 10 and which are supplied 
to the phase detector 25 via line 28. 

In accordance with the present invention, the output 
signal of phase detector 25 is supplied to regulator 20 
via line 30. The regulator 20 is of the type which con- 
trols the flow of gas to or from the cable as a function 
of the output signal of the phase detector 25. When the 
output signal of the detector 25 is 0 volt, the regulator 
inhibits any gas from flowing either to or from the ca- 
ble. Thus, the cable pressure does not change. How- 
ever, when the output signal of the detector 25 is other 
than 0 volt, gas flows either to the cable, thereby in- 
creasing the cable pressure, or from the cable and is 
vented through vent 32, thereby decreasing the cable 
pressure. 

The direction of gas flow to or from the cable de- 
pends on the polarity of the detector’s output signal. 
For explanatory purposes, let it be assumed that when 
the output signal of detector 25 is positive, the regula- 
tor 20 controls the gas from source 18 to flow to the ca- 
ble, as represented by arrow 34, thereby increasing gas 
pressure in the cable, while a negative output signal 
from detector 25 causes the regulator to control gas to 
flow from the cable 10 and be vented out through vent 
32, as represented by arrows 36, resulting in a decrease 
in cable pressure. Such flow regulators are well known 
in the art. 

In accordance With the present invention, as part of 
setting the system’s initial conditions at the start of 
tracking, the output of the phase detector 25 is set to 
0 volt. This is achieved by adjusting the setting of phase 
shifter 26, thereby controlling the phase shift of the sig- 
nals from source 15 to equal the phase shift or delay of 
the signals which are reflected back from cable 10. 
With 0 volt output from detector 25, the regulator 20 
inhibits any gas from flowing either to or from the ca- 
ble. Thus, the cable is pressurized to an initial pressure. 
At this point in time, the cable phase delay is the initial 
phase delay which can be measured and calibrated out. 


The function of the present invention, however, is not 
to measure the initial phase delay. Rather, it is to main- 
tain the cable phase delay during the entire tracking pe- 
riod to equal the initial phase delay, regardless of its 
5 magnitude. 

As tracking starts as long as the cable’s phase delay 
does not vary from the initial phase delay, the output 
signal of the phase detector remains 0 volt. Therefore, 
no change in cable pressure takes place. If, however, 
10 due to changing environmental conditions or for any 
other reason, the cable’s phase delay varies from the 
initial phase delay, the output signal of detector 25 is 
no longer 0 volt. Consequently, regulator 20 controls 
the flow of gas either into or out of the cable 10 to ad- 
just the pressure therein until the output of the detector 
25 is again 0 volt, which indicates that the cable’s phase 
delay is again equal to the initial phase delay. 

An increase in cable pressure results in an increase 
of cable phase delay, while a decrease in cable pressure 
results in a decrease in cable phase delay. In the present 
invention, the polarity of the output of the detector is 
negative when the cable phase delay, due to changes in 
the environmental conditions of the cable, increases 
above the initial phase delay. The negative output con- 
trols regulator 20 to cause gas to flow from the cable 
and be vented out thereby decreasing the pressure, 
which in turn decreases the cable phase delay. How- 
ever, as long as the cable phase delay is greater than the 
30 initial phase delay, the polarity of the output of detec- 
tor 25 is negative. Thus, more gas flows from the cable 
further reducing the pressure and thereby further re- 
ducing the cable phase delay, until it equals the initial 
phase delay. This occurs when the output of detector 
35 25 is again 0 volt. Such an output, when supplied to 
regulator 20 stops the flow of gas from the cable. Thus, 
the cable is now pressurized to a pressure which is dif- 
ferent from the initial pressure. However, the pressure 
is one which due to the effects of the environmental 
40 conditions on the cable results in a cable phase delay 
which is equal to the initial phase delay. 

On the other hand, the polarity of the output of de- 
tector 25 is positive when the cable phase delay is less 
than the initial phase delay. The positive output con- 
45 trols the regulator 20 to cause gas to flow to the cable 
thereby increasing its pressure, which in turn increases 
the cable phase delay. Gas continues to flow to the 
cable until the cable phase delay equals the initial 
phase delay, which occurs when the output of detector 
50 25 is again 0 volt. When this happens, the flow of gas 
stops. Thus, the cable is pressurized to a new pressure 
which produces a cable phase delay which equals the 
initial phase delay. 

It should thus be apparent to those familiar with the 
art that the present invention acts as a closed-loop 
servo system. It regulates the cable’s internal gas pres- 
sure to maintain the cable phase delay during the entire 
tracking period equal to the initial phase delay. By ini- 
^ tially setting the output of detector 25 to 0 volt, thereby 
preventing gas flow to or from the cable, the latter is 
pressurized to the initial pressure, and the initial phase 
delay is established. Once the initial phase delay is es- 
tablished, any change of the cable phase delay there- 
from is represented by a change in the output of detec- 
tor 25 from 0 volt. When such change takes place, the 
system varies the cable pressure, by controlling the 
flow of gas to or from the cable, until the output of de- 
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tector 25 is again 0 volt, which indicates that the cable 
phase delay is again equal to the initial phase delay. 

Attention is now directed to FIG. 2, wherein the 
tracking antenna and receiver are designated by blocks 
40 and 42, respectively. In practice, the hybrid junction 
is connected to the cable 10 through a diplex Alter 44, 
to which the receiver 42 is also connected. Similarly, 
the antenna 40 is connected to the cable 10 through a 
diplex filter 45, which defines an open end or mis- 
matched load to 100 MHz signals, as represented by 
arrow 46. The frequency of the signals from source 15 
is chosen to be outside the band or bands of frequen- 
cies which are communicated from the antenna to the 
receiver. In the present example, it is assumed to be 
100 MHz. 

The functions of the diplex filters are to inhibit the 
100 MHz signals from reaching either the antenna or 
the receiver, while at the same time preventing the sig- 
nals from the antenna or receiver from interfering with 
the operation of the closed-loop servo system. The use 
of diplex Alters is well known. For example, such a Al- 
ter is commonly used with an antenna, used for trans- 
mit and receive, where the transmit and receive fre- 
quencies are different. 

In the present example, each diplex filter may consist 
of a narrow band pass Alter centered at 100 MHz to en- 
able signals at 100 MHz to pass therethrough, and a 
narrow band reject Alter centered at 100 MHz to en- 
able all signals except those at 100 MHz to pass there- 
through. Such diplex Alters are shown in FIG. 3, 
wherein the reject and pass Alters of diplex Alter 44 are 
designated by blocks 44a and 44b, respectively. Simi- 
larly, the reject and pass Alters of diplex Alter 45 are 
designated by 45a and 4Sb, respectively. It should be 
pointed out that the function of Alter 4Sb is to provide 
an open end or mismatched load at 100 MHz, as repre- 
sented by resistor 46 which corresponds to arrow 46 in 
FIG. 2. This is necessary to insure that some of the sig- 
nals at 100 MHz are reflected back through the cable 
and pass through Alter 44b and the hybrid junction 14 
to the phase detector 25. 

Although herebefore the invention was described in 
connection with a cable 10 connecting the tracking an- 
tenna 40 to the receiver 42, the invention may be used 
in connection with a pressurizable coaxial cable used in 
any system to interconnect one unit which acts as 
source of signals and another unit which receives such 
signals. Also, although the invention has been de- 
scribed in connection with signals at 100 MHz, it 
should be apparent that signals at other frequencies 
may be used. In practice, the frequency of the signals 
is chosen to be outside the band or bands of frequen- 
cies of the signals in the system in which the present in- 
vention is incorporated. Furthermore, the invention 
may be incorporated in any system which uses a pres- 
surizable coaxial cable whose phase delay is subject to 
change from an initial phase delay for reasons other 
than changes in environmental conditions. 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modiAcations and variations may readily 
occur to those skilled in the art and consequently it is 
intended that the claims be interpreted to cover such 
modiAcations and equivalents. 

What is claimed is; 

1. A system comprising: 

a Arst source of signals of preselected frequencies; 
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a pressurizable coaxial cable having Arst and second 
opposite ends; 

Arst receiver means; 

Arst and second means for connecting said first re- 
5 ceiver and said first source means respectively to 
opposite ends of said cable whereby signals from 
said first source pass through said cable to said Arst 
receiver means; 

a second source of signals at a selected frequency 
10 other than any of the frequencies of the signals 
from said Arst source; 

third means including hybrid junction means coupled 
to said second source and to said first means for di- 
recting signals from said second source into said 
15 cable; 

fourth means coupled to said second means and re- 
sponsive to signals from said second source carried 
by said cable from said Arst means for reflecting 
back said signals to said hybrid junction means 
20 through said Arst means; 

Afth means including a phase detector coupled to 
said hybrid junction for providing an output signal 
as a function of.the phase difference between sig- 
nals from said second source and the signals re- 
25 fleeted back by said fourth means; and 

pressure control means coupled to said cable and to 
said phase detector for controlling the pressure in 
said cable as a function of the output siignal of said 
phase detector. 

30 2. The system as described in claim 1 wherein said 

Arst means includes a first diplex Alter for inhibiting 
signals at said selected frequency from reaching said 
Arst receiver means, and for inhibiting signals at other 
than said selected frequency from reaching said hybrid 
33 junction means, and wherein sadi second means in- 
cludes a second diplex Alter for inhibiting signals at said 
selected frequency from reaching said first source and 
for inhibiting signals at other than said selected fre- 
quency from reaching said fourth means. 

3. The system as described in claim 2 wherein said 
pressure control means include a source of gas and gas 
flow regulating means for controlling the pressure in 
said cable by regulating the flow of gas to and from said 
cable. 

4. The system as described in claim 3 wherein the 
output signal of said phase detector is a D.C signal ap- 
plied to said gas flow regulating means, and wherein 
said gas flow regulating means inhibits the flow of gas 
to or from said cable when the amplitude of the D.C. 
output signal of said phase detector is zero, controls gas 
to flow to said cable when the D.C. output signal of said 
phase detector is of a Arst polarity, and further controls 
gas to flow out of said cable when the D.C. output sig- 
nal of said phase detector is of a second polarity oppo- 
site said Arst polarity. 

5. The system as described in claim 4 wherein said 
fifth means includes a phase shifter coupled between 
said hybrid junction means and said phase detector for 
selectively shifting the phase of the signals from said 
second source supplied to said phase detector through 
said hybrid junction means. 

6. An arrangement comprising: 

a source of signals at a selected frequency; 

a pressurizable coaxial cable having Arst and second 
ends; 

Arst means coupled to said source and to the cable 
first end for applying signals from said source to 
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said cable, said signals propagating to the cable 
second end; 

second means coupled to said cable at said second 
end for reflecting the signals from said source back 
toward said first end, said first means including hy- 
brid junction means coupled between said source 
and said cable first end for directing the signals 
from said source to said cable first end and to a first 
output port thereof and for directing the signals re- 
flected back by said second means to a second out- 
put port of said hybrid junction means; 

phase shift means coupled to said first port of said hy- 
brid junction means for selectively shifting the 
phase of the signals from said source present at said 
first port; 

phase detector means coupled to the phase shift 
means and to said second port for providing an out- 
put signal as a function of the phase difference be- 
tween the output signals from said phase shift 
means which represent the signals from said source 
phase shifted by said phase shift means and the sig- 
nals reflected back to said first end by said second 
means; and 

pressure control means coupled to said first cable 
end and to said phase detector means for control- 
ling the pressure in said cable as a function of the 
output signal of said phase detector means. 

7. The arrangement as described in claim 6 wherein 
said pressure control means include a source of gas and 
gas flow regulating means for controlling the pressure 
in said cable by regulating the flow of gas to and from 
said cable. 

8. The arrangement as described in claim 7 wherein 
the output signal of said phase detector means is a D.C. 
signal applied to said gas flow regulating means, and 
wherein said gas flow regulating means inhibits the flow 
of gas to or from said cable when the amplitude of the 
D.C. output signal of said phase detector means is zero, 
controls gas to flow to said cable when the D.C. output 
signal of said phase detector means is of a first polarity, 
thereby increasing cable pressure, and further controls 
gas to flow out of said cable when the D.C. output sig- 
nal of said phase detector means is of a second polarity 
opposite said first polarity, thereby reducing cable 
pressure. 

9. An arrangement for maintaining during a selected 


time period, the phase delay of a pressurizable coaxial 
cable having first and second ends substantially con- 
stant and equal to an initial phase delay which is the 
cable phase delay at the start of said period, compris- 
5 ing; 

a source of signals at a selected frequency; 

a pressurizable coaxial cable having first and second 
ends; 

first means coupled to said source and to said cable 
10 first end for applying the signals at said selected 
frequency to said cable; 

second means coupled to the cable second end for 
reflecting signals at said selected frequency back to 
said cable first end to which said first means is cou- 
IS pled, said first means including phase detector 
means to which signals from said source and the 
signals reflected back from said second means are 
applied for providing an output signal which is a 
function of the phase difference between the sig- 
20 nals applied thereto; and 

pressure control means coupled to said cable and re- 
sponsive to the output signal of said phase detector 
means for controlling the pressure in said cable as 
a function of the output signal of said phase detec- 
25 tor means, said first means further including phase 
shift means for selectively shifting the phase of the 
signals from said source which are supplied to said 
phase detector means at the start of said period so 
that the output signal of said phase shifting means 
30 controls said pressure control means to inhibit the 
cable pressure from changing. 

10. An arrangement as described in claim 9 wherein 
said phase shift means is manually controllable at. the 
start of said period to selectively shift the phase of the 
35 signals from said source to the phase detector means so 
that the output signal of the latter is of substantially 
zero amplitude, and said pressure control means in- 
clude a source of gas and gas flow regulatng means re- 
sponsive to the output signal of said phase detector 
40 means for inhibiting gas to flow either to or from said 
cable when the amplitude of the output signal of said 
phase detector means is zero, said gas flow regulating 
means controlling gas to flow either to or from said 
cable as a function of the polarity of the output signal 
45 of said phase detector means. 
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